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A B S T R A C T
Polycaprolactone/Polymethylmethacrylate (PCL/PMMA) biopolymer blend can be prepared
by casting technique. Structural, optical and thermal properties of the blend have been studied
using X-ray diffraction (XRD), infrared spectroscopy (FTIR), ultraviolet-visible spectroscopy
(UV-Vis) and thermogravimetric analysis (TGA). XRD show two diffraction peaks at 2θ = 21.4°
and 23.8° which attributed to the planes (110) and (200) that represent crystallographic planes
of semi-crystalline PCL, respectively, where PMMA revealed a broad amorphous hump ob-
served around 2θ = 15°.The FTIR spectra showed some variations in the position and intensity
of some absorption bands which reveal an interaction and good miscibility between the two
polymers. TGA suggested that the thermal stability increases with increasing PCL concen-
tration; this indicates the incorporation of PCL into the host. Approximately the pure PCL
mass loss remains constant until complete decomposition occurs at about 430 °C, whereas
PMMA complete decomposition occurs at about 400 °C. So, decomposition temperature of
PCL is higher than PMMA by nearly 30 °C.
© 2015 Production and hosting by Elsevier B.V. on behalf of Mansoura University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction
Blending between two or more polymers can modify the struc-
tural and physical properties of polymers to specific
requirements. So, the attention of material researchers has been
attracted to polymers blend [1–4]. It involves physical mixing
of biopolymers, leading to creation of a new material having
some desirable properties that are superior to any one of the
component polymers [5–7]. Manifestation of these properties
depends on the miscibility of homo-polymers at the molecular
scale, so that miscibility leads to variation of the blend’s mor-
phology, ranging from a single phase system to a two phase
or multiphase systems [6]. The basis of biopolymer miscibil-
ity may arise from several different interactions, like charge
transfer complexes for homo-polymer mixtures, hydrogen
bonding and dipole–dipole forces [5]. Polycaprolactone (PCL) is
a semi-crystalline aliphatic polymer with the chemical formula
(C6H10O2)n. It has a low melting point (60°C) and glass transi-
tion temperature equals −60 °C. PCL also have suitable properties
such as good biocompatibility, good biodegradability, good me-
chanical strength and remarkable toughness. Owing to its
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hydrophobic nature PCL has a good solubility in chloroform
and tetrahydrofuran (THF). As the molecular weight in-
creases, PCL crystallinity tends to decrease [8–11]. Blend
compatibility has made PCL a continuous research focus in the
biomedical application. Polymethylmethacrylate (PMMA) is a
linear thermoplastic polymer with the chemical formula
(C5H8O2)n. It has a melting point equal to 160 °C and a glass tran-
sition temperature of 85 °C. PMMA has been widely used as a
biomaterial in medical applications and in some optical systems
(manufacturing of contact lens as transmit light up to 93%) [12].
It also can be used as denture base material due to its favor-
able properties, including ease of handling and repair, as well
stability in the oral environment [13]. PCL is selected as one
of the blend components in view of its miscibility with PMMA
to introduce a modern category of biopolymer blends with a
simple method of preparation suitable for being used in some
biological application. This work aims to investigate both com-
patibility and phase behavior of PCL/PMMA bioblends to obtain
a critical concentration with the best overall good properties
to use later with some addition of organic or inorganic mate-
rials for some application.
2. Experiment and method
2.1. Materials
The chemicals used were Poly ε-caprolactone pellets
(Mw~80,000, Sigma-Aldrich and Lot No. MKBP7389V),
polymethylmethacrylate (Mw~120,000, Sigma-Aldrich and Lot
No. MKBB7676) and chloroform solution as a solvent (HPLC
grade, Fisher Chemical and Lot No. 1229720).
2.2. Sample preparation
Polycaprolactone/Polymethylmethacrylate bioblends pre-
pared via casting technique and mixtures of the PCL/PMMA
blend films were dissolved in a glass beaker by chloroform using
a magnetic stirrer for 45 minutes until complete miscibility [14]
occurred and placed in an 8-cm diameter Petri dish (The Petri
dishes were cleaned with chloroform and dried in an oven at
60 °C for 20 minutes). After evaporation of the solvent, bio-
blend films were kept to dry at room temperature for one day.
2.3. Physical measurements
The X-ray diffraction (XRD) scans were obtained using
PANalytical X’Pert PRO XRD system using the radiation of Cu
Kα X-ray where the tube operated at 30 kV, Bragg’s angle 2θ in
the range of 3–60°, λ = 1.54 Å. FTIR absorption spectra were
achieved utilizing the single beam Fourier transform-infrared
spectrometer (FTIR-Nicolet is10). FTIR spectra of the samples
were obtained in the spectral range of 4000–500 cm−1. UV-Vis
absorption spectra were measured in the wavelength region
of 200–600 nm using spectrophotometer (T80+, UV/Vis. spec-
trometer, PG Instrument Ltd.) to retrace the structural changes
due to different blend concentrations and their optical prop-
erties. A Perkin–Elmer (US, Norwalk, CT) TGA-7 was used for
the thermogravimetric analysis of the samples. For the data
analysis a small amount of (mg) sample was taken and the
samples were heated at room temperature of 500 °C at a rate
of 10 °C/min in nitrogen atmosphere.
3. Results and discussions
3.1. X-ray diffraction analysis
The XRD diffraction scans of the biopolymer blend are also used
as a criterion to determine its overlap and homogeneity. If two
biopolymers have low biocompatibility and are immiscible, then
each biopolymer would have its own crystal region in the blend
films. Fig. 1a shows two characteristic peaks at angles 2θ = 21.4°
and 23.8°, corresponding to the (110) and (200) crystallo-
graphic planes of semi-crystalline nature of PCL biopolymer,
respectively [15]. The observed scans of pure PMMA as shown
in Fig. 1a exhibits a characteristic broad amorphous hump ob-
served around 2θ = 15°, 30.2° and also a weak hump observed
at about 2θ = 42.2° [16,17].
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Fig. 1 – (a) X-ray diffraction scans of pure PMMA and pure
PCL. (b) X-ray diffraction scans of PCL/PMMA blend films.
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XRD diffraction scans of PCL/PMMA blend are depicted in
Fig. 1b. It is clear that the maximum sharp peak intensity at
PCL/PMMA 80/20 which leads to exhibit a maximum degree of
crystallinity is due to increasing the degree of ordering of atoms
at PCL/PMMA blend at 80/20. Also it is observed that the XRD
patterns of the PCL/PMMA blend films still kept the charac-
teristic two peaks of pure PCL, but the characteristic two peaks
of pure PMMA that disappeared indicate the miscibility among
two biopolymers, which means that the incorporation PMMA
did not significantly affect the crystalline structure of PCL [18].
3.2. Infrared spectroscope analysis
In this paper FTIR spectra are used to investigate the incor-
poration of PCL into the PMMA biopolymer matrix. Fig. 2 shows
the FTIR absorption spectra of PCL/PMMA biopolymer blend
films.There are characteristic three peaks of PMMA that appear
at 1071, 985, and 844 cm−1 [19,20], whereas the absorption band
at 1159, 1442, 1723, and 2951 cm−1 are assigned to O—CH3
stretching, CH3 stretching, C=O stretching, and C—H asym-
metric stretching vibrations in PMMA, respectively [21] (Tables 1
and 2).
On the other hand, PCL spectrum display characteristic peaks
of C=O stretching vibrations at 1726 cm−1, CH2 bending modes
at 1361, 1397 and 1473 cm−1 and CH2 asymmetric stretching at
2942 and symmetric stretching at 2862 cm−1. The C—O—C
stretching vibrations yield peaks at 1042, 1107 and 1233 cm−1.
The bands at 1160 and 1290 cm−1 are assigned to C—O and C—C
stretching in the amorphous and in the crystalline phases, re-
spectively [22]. As shown in Fig. 2, bioblends display triple split
band identified at about 3465, 3535 and 3637 cm−1; this is the
C—H stretching band.Typical C—H stretching is usually present
as a distinctively large band above 3000 cm−1. Some bands dis-
appear, others have their intensity changed and a new
absorption peak appear at nearly 1200 cm−1; this is a good evi-
dence for compatibility between PCL and PMMA. From Fig. 2
the minimum bands appeared at 80/20. This reveals compat-
ibility between the origin of the IR and X-ray response of the
present PCL/PMMA system.
3.3. UV-Vis spectroscopic analysis
UV-Vis analysis of PCL/PMMA blend films is represented in Fig. 3.
The spectra indicate an absorption band centered around
280 nm, which is characteristic of PCL and related to car-
bonyl groups (C=O) [23]. This is confirmed in FTIR at about
1726 cm−1 band which is assigned to π-π* transition, and the
sharp edge in the range of 245–270 nm, which is shifted toward
the longer wavelength with increasing PCL concentration. The
complexation between the PCL and PMMA can be indicated by
these shifts.The present results show that no absorption peaks
at longer wavelength >280 nm.
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Fig. 2 – FTIR absorption spectra of PCL/PMMA blend films.
Table 1 – Vibrational modes and wave numbers
exhibited by pure PMMA.
Description of vibrations Wave numbers
(cm−1)
References
C—H asymmetric stretching 2951 [18,19]
C=O stretching 1723 [18,19]
CH3 stretching 1442 [19]
O—CH3 stretching 1159 [19]
Table 2 – Vibrational modes and wave numbers
exhibited by pure PCL.
Description of
vibrations
Wave numbers
(cm−1)
References
C=O stretching 1726 [20]
CH2 bending 1473, 1397, 1361 [20]
CH2 stretching 2942,2862 [20]
C—O—C stretching 1233,1107,1042 [20]
C—O stretching 1160 [20]
C—C stretching 1290 [20]
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Fig. 3 – UV-Vis spectra of PCL/PMMA blend films.
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3.3.1. Measurement of the energy gap (Eg)
Absorption coefficient as a function of frequency α(υ) and the
optical energy gap Eg obeys the classical Tauc’s expression. Using
UV-visible spectra, the optical energy gap is determined by
translating the spectra into Tauc’s plots. The frequency-
dependent absorption coefficient is given by Devis and Mott
formula [24],
α υ β υ υ( ) = −[ ]h E hg n (1)
where h is Planck’s constant, υ is the photon frequency, β is a
constant related to the properties of the conduction and valence
bands, and α is the absorption coefficient that can be deter-
mined as a function of photon frequency using the equation:
α = ( )2 303. A d (2)
where A is the absorbance, n is the exponent factor, d is the
thickness of the sample and Eg is the energy gap between the
bottom of the conduction band and the top of the valence band
at the same value of wave number.
On the basis of Eq. (1), the value of n = 2 allowed for indi-
rect transitions and 1/2 allowed for direct transitions of unpaired
electrons. The relation of (αhυ)n versus the photon energy (hυ)
shows a linear part behavior, which are presented in Figs. 4a,
4b, 5a and 5b. Each linear portion indicates an optical energy
gap Eg. The values of Eg for both direct (Egd) and indirect (Egi)
transition of free charges are listed in Table 3. In Fig. 6 and
Table 3, it is remarkable that increasing PCL content leads to
decreases in energy gap. This indicates that the PCL addition
significantly influences energy gap by invoking the occur-
rence of local cross linking within the amorphous phase of
PMMA and confirms the compatibility between the two bio-
polymer blends.
3.4. Thermal analysis
Fig. 7a,b displays thermogravimetric analysis (TGA) for pure
PCL, pure PMMA and their blends with a heating rate of
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10 °C/min ranging from room temperature 30–500 °C. From
Fig. 7b, it is obvious that the samples started to lose their weight
in the range of 50–70 °C due to the moisture evaporation and
stabilize up to 120 °C, above which the solvent evaporated. For
all the samples the major weight losses are observed in the
range of 370–430 °C. This may be correspondent to the struc-
tural decomposition of the polymer blends. From Fig. 7a pure
PMMA has three main transition regions: the first transition
is due to evaporation of water and mono carbon oxide that
occurs in the range of 30–145 °C, the second transition is due
to the degradation of the polymer that occurs around 180–
260 °C, the third transition is due to the cleavage of the backbone
of the polymer that occurs above 300 °C and complete decom-
position of the polymer that occurs nearly at about 400 °C, where
as pure PCL started weight loss up to 369 °C and completely
decomposed at nearly about 430 °C, so that PCL has a decom-
position temperature higher than PMMA by nearly 30 °C [25].
Thus it may be concluded that the addition of PCL to PMMA
increases the thermal stability of the blend due to the incor-
poration of the PCL into the host PMMA.
4. Conclusion
In this work, PCL/PMMA biopolymer blends were prepared by
a simple casting method.The results suggest that homogeneity
is formed over all the biopolymer blend compositions. Various
types of bands for the two biopolymers and their blends were
assigned in FTIR spectra. XRD scans reveal broad and sharp
peaks, which indicate the amorphous nature of PMMA and
the semi-crystalline nature of PCL, respectively. From UV-Vis
spectra, with increasing PCL concentration the position of the
sharp edge was slightly shifted toward higher wavelength
and also the energy gap decreased from 5.047 to 4.265 eV;
this suggests the miscibility between the biopolymer
blend. From TGA studies, it is clear that the weight loss of
the PMMA is higher than the weight loss of the PCL. Thus, it
may be concluded that the addition of PCL biopolymer in-
creases thermal stability. All previously stated results suggested
that the optimum concentration at PCL/PMMA 80/20 of the
bioblends may be taken to improve some of the electrical,
structural and optical properties for use in biological applica-
tions, such as drug delivery [26], and this is the main purpose
of this work.
Table 3 – Calculation of energy gap for both direct and
indirect transition.
PCL/PMMA Eg (eV)
Devis and Mott
Absorption
edge λg (nm)
Eg (eV)
Tauc’s
expression
Egd Egi
100/0 4.712 4.265 324 3.83
90/10 4.511 4.065 301.51 4.114
85/15 4.612 4.121 294.106 4.218
80/20 4.712 4.278 284.95 4.353
75/25 4.836 4.591 274.91 4.512
70/30 4.935 4.748 269.46 4.603
65/35 5.115 5.014 260.30 4.766
0/100 5.160 5.047 246.57 5.03
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Fig. 6 – Relation between optical energy gap and
PCL/PMMA blend films.
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Fig. 7 – (a) TGA thermograms of pure PCL and pure PMMA.
(b) TGA thermograms of PCL/PMMA blend films.
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